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(57) ABSTRACT 

A camera includes an optical system, a housing, an image blur 
corrector, a displacement acquisition section, a rotary driver, 
a correction computer, and a drive controller. The displace 
ment acquisition section is configured to acquire the amount 
of displacement of the housing. The rotary driver is config 
ured to rotationally drive the displacement acquisition section 
with respect to the housing. The correction computer is con 
figured to calculate a first correction amount at the image blur 
corrector from the displacement amount acquired by the dis 
placement acquisition section. The drive controller is config 
ured to control the operation of the rotary driver, and also 
controls the operation of the image blur corrector on the basis 
of the first correction amount. 
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CAMERA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of International 
Patent Application No. PCT/JP2008/003238 filed on Nov. 7, 
2008. The entire disclosure of International Patent Applica 
tion No. PCT/JP2008/003238 is hereby incorporated herein 
by reference. 
0002 This application claims priority to Japanese Patent 
Application No. 2007-292643 filed on Nov. 9, 2007. The 
entire disclosure of Japanese Patent Application No. 2007 
292643 is hereby incorporated herein by reference. 

BACKGROUND 

0003 1. Technical Field 
0004. The technology disclosed herein relates to a camera 
having an image blur correction function. 
0005 2. Description of the Related Art 
0006. A camera having an image blur correction function 
in order to suppress the image degradation caused by shaking 
of the camera (hereinafter also referred to as image blur) was 
known in the past. Such a camera had an image blur correc 
tion unit for driving a correcting lens, a shake detection sensor 
for detecting shaking of the camera, and a correction control 
ler for controlling the operation of the image blur correction 
unit according to the output of the shake detection sensor. 
With this camera, the correcting lens is driven by the image 
blur correction unit on the basis of the amount of shake 
detected by the image blur detection sensor, so as to cancel 
out the image blur caused by this shaking, which means that 
it is possible to acquire images in which image blur is cor 
rected. 
0007 More specifically, with a conventional camera, the 
X and Y axes, which are perpendicular to the axis of incident 
light of the optical system, are set with respect to the camera 
body. This camera has a first shake detection sensor for 
detecting the angular Velocity (shake) of the camera body 
around the X axis, and a second shake detection sensor for 
detecting the angular Velocity (shake) of the camera body 
around the Y axis. The correction controller can detect the 
rotational angle of the camera around the X and Y axes by 
means of the first and second shake detection sensors. The 
amount by which the correcting lens is driven is computed by 
a microcomputer to correct any blurring caused by camera 
shake. The correcting lens is driven by a drive unit on the basis 
of this drive amount (see Patent Citation 1, for example). 
0008 To correct image blur more accurately, a camera has 
also been proposed in which translational shake of the camera 
body is detected in addition to detecting the rotational angle 
(shake) around the X and Y axes (see Patent Citations 2 and 3, 
for example). Another camera has been proposed which has a 
sensor for detecting inclination or the rotational angle (shake) 
around the optical axis of the camera body (see Patent Cita 
tions 4 and 5). With this camera, the imaging element is driven 
So as to cancel out image blur caused by inclination or shake 
of the camera body around the optical axis. Consequently, an 
image can be acquired in which inclination or image blur 
around the optical axis has been corrected. 
0009 Patent Citation 1:Japanese Laid-Open Patent Appli 
cation H3-37616 
0010 Patent Citation 2: Japanese Laid-Open Patent Appli 
cation H3-46642 
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(0011 Patent Citation 3: Japanese Patent No. 3.513,950 
0012 Patent Citation 4: Japanese Laid-Open Patent Appli 
cation H6-30327 
(0013 Patent Citation 5: Japanese Patent Publication 
H1-53957 
0014 Patent Citation 6: Japanese Laid-Open Patent Appli 
cation 2004-295.027 

SUMMARY 

0015 With a conventional camera, even if translational 
shake can be detected by an acceleration sensor, the gravita 
tional acceleration component that is always acting on the 
camera affects the output as noise. Even if the gravitational 
acceleration component is eliminated ahead of time, since the 
acceleration sensor tilts with respect to the vertical direction 
along with the camera, the direction of gravitational accelera 
tion acting on the acceleration sensor is not constant. Conse 
quently, it is difficult to remove the gravitational acceleration 
component accurately, and there is a decrease in the precision 
of the acceleration detected by the acceleration sensor or the 
amount of displacement calculated from this acceleration. As 
a result, image blur correction performance may decrease 
with a conventional camera. 
0016 A camera according to a first aspect has an optical 
system, a housing, an image blur corrector, a displacement 
acquisition section, a rotary driver, a correction computer, and 
a drive controller. The optical system has a correcting optical 
system that performs image blur correction, and is configured 
to forman optical image of a subject. The image blur correc 
toris configured to correct image blur caused by movement of 
the housing. The displacement acquisition section is config 
ured to acquire the amount of displacement of the housing. 
The rotary driver is configured to rotationally drive the dis 
placement acquisition section with respect to the housing. 
The correction computer is configured to calculate a first 
correction amount at the image blur corrector from the dis 
placement amount acquired by the displacement acquisition 
section. The drive controller is configured to control the 
operation of the rotary driver, and also controls the operation 
of the image blur corrector on the basis of the first correction 
amount. 

0017. With this camera, since the operation of the optical 
system driver is controlled by the drive controller on the basis 
of the first correction amount calculated by the correction 
computer, the correcting optical system can be driven accord 
ing to the amount of movement of the camera. Consequently, 
image blur attributable to translational shaking of the camera 
can be corrected. 
0018. Here, since the displacement acquisition section is 
rotationally driven by the rotary driver, the orientation of the 
displacement acquisition section can be kept constant with 
respect to the vertical direction, which is the direction in 
which gravitational acceleration acts, for example. Conse 
quently, the gravitational acceleration component can be 
eliminated ahead of time from the displacement amount 
acquired by the displacement acquisition section, and this 
improves the accuracy of the displacement amount acquired 
by the displacement acquisition section. That is, image blur 
correction performance can be further enhanced. 
0019 Possible image blur correctors include optical types 
in which the correcting optical system is moved, sensor shift 
types in which the imaging element is moved, and electronic 
types in which an image signal is subjected to image blur 
correction processing. Examples of cameras here include 
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those that are capable of only still picture imaging, those 
capable of only moving picture imaging, and those capable of 
both still and moving picture imaging. Examples of cameras 
also include digital still cameras, interchangeable lens digital 
cameras, and digital video cameras. 
0020. A camera according to a second aspect is the camera 
according to the first aspect, wherein the displacement acqui 
sition section overlaps the rotational axis of the rotary driver 
when viewed along the optical axis of the imaging optical 
system. 
0021. A camera according to a third aspect is the camera 
according to the second aspect, wherein the detection center 
of the displacement acquisition section Substantially coin 
cides with the rotational axis of the rotary driver when viewed 
along the optical axis. 
0022. The “detection center referred to here is an imagi 
nary point that is the center in the detection of the acceleration 
or displacement amount by the displacement acquisition sec 
tion. If the displacement acquisition section is rectangular 
when viewed along the optical axis, the detection center Sub 
stantially coincides with the center of this rectangle, for 
example. The phrase “the detection center of the displace 
ment acquisition section Substantially coincides with the rota 
tional axis of the rotary driver when viewed along the optical 
axis' here encompasses a case in which the detection center 
completely coincides with the rotational axis, as well as a case 
in which the detection center is offset from the rotational axis 
to the extent that image blur correction performance is still 
improved. 
0023. A camera according to a fourth aspect is the camera 
according to the third aspect, further comprising an imaging 
element configured to convert an optical image of a subject 
into an image signal. The rotary driver has a rotor to which the 
imaging element and the displacement acquisition section are 
integrally rotatably provided, and a rotation actuator config 
ured to drive the rotor with respect to the housing. The imag 
ing element is disposed on the imaging optical system side of 
the rotor. The displacement acquisition section is disposed on 
the opposite side of the rotor from that of the imaging ele 
ment. 

0024. A camera according to a fifth aspect is the camera 
according to the third aspect, further comprising an angle 
acquisition section configured to acquire the rotational angle 
of the housing. The correction computer is configured to 
calculate a second correction amount at the image blur cor 
rector from the rotational angle acquired by the angle acqui 
sition section, using the position of the displacement acqui 
sition section as a reference. The drive controller is 
configured to control the operation of the image blur corrector 
on the basis of the first and second correction amounts. 
0025. A camera according to a sixth aspect is the camera 
according to the third aspect, further comprising an angle 
acquisition section. The angle acquisition section is config 
ured to acquire the rotational angle of the housing. The image 
blur corrector has an optical system driver configured to drive 
the correcting optical system so that the optical path of the 
imaging optical System is changed, and an imaging element 
driver configured to drive the imaging element with respect to 
the housing so that the light receiving position of the optical 
image of the Subject is changed. The correction computer is 
configured to calculate a second correction amount at the 
image blur corrector from the rotational angle acquired by the 
angle acquisition section. The drive controller is configured to 
control the operation of the optical system driver on the basis 
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of the first correction amount, and is configured to control the 
operation of the imaging element driver on the basis of the 
second correction amount. 
0026. A camera according to a seventh aspect is the cam 
era according to the third aspect, further comprising an imag 
ing element configured to be driven by the rotary driver along 
with the displacement acquisition section, and configured to 
convert an optical image of the Subject into an image signal, 
and an angle acquisition section configured to acquire the 
rotational angle of the housing. The drive controller is con 
figured to control the operation of the rotary driver so that the 
imaging element is rotationally driven with respect to the 
housing on the basis of the rotational angle acquired by the 
angle acquisition section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. Referring now to the attached drawings which form 
a part of this original disclosure: 
0028 FIG. 1 is a front view of a camera; 
0029 FIG. 2 is a simplified diagram of the camera con 
figuration; 
0030 FIG. 3 is a block diagram of the camera; 
0031 FIG. 4 is a diagram of the camera coordinates: 
0032 FIG. 5 is a schematic of the effect that the rotational 
angle 0X has on the amount of shake; 
0033 FIG. 6 is a schematic of the effect that the rotational 
angle 0y has on the amount of shake; 
0034 FIGS. 7A and 7B are diagrams illustrating the 
amount of shake AZ2 when the rotational center Oc coincides 
with the center E of a lens 102; 
0035 FIG. 8 is a diagram illustrating the amount of shake 
AZ1 when the rotational center Oc is offset from the center E 
of the lens 102; 
0036 FIG. 9 is a graph of the results of calculating the 
pitch, yaw, and roll components of the amount of shake; 
0037 FIGS. 10A to 10C are graphs of a first increase 
amount and the X axis component Xc of the rotational center 
Oc; 
0038 FIGS. 11A to 11C are graphs of a first increase 
amount and the Y axis component Yc of the rotational center 
Oc; 
0039 FIGS. 12A to 12C are graphs of a first increase 
amount and the Z axis component Zc of the rotational center 
Oc; 
0040 FIGS. 13A to 13C are graphs of a second increase 
amount and the translational shake amount AX of the camera 
in the X axis direction; 
0041 FIGS. 14A to 14C are graphs of a second increase 
amount and the translational shake amount AY of the camera 
in the Y axis direction; 
0042 FIGS. 15A to 15C are graphs of a second increase 
amount and the translational shake amount AZ of the camera 
in the Z axis direction; 
0043 FIG. 16 is a diagram illustrating the shake amount 
when viewed in the X axis direction; 
0044 FIG. 17 is a diagram of the relation between the 
correction angle and the drive amount of the correcting lens; 
0045 FIG. 18 is a graph of the relation between the cor 
rection angle and the drive amount at various optical Zoom 
ratios; 
0046 FIG. 19A is a diagram of when the rotational center 
Oc is on the opposite side from the subject, with the accel 



US 2010/0215353 A1 

eration sensor in between, and FIG. 19B is when the rota 
tional center Oc is between the acceleration sensor and the 
Subject; 
0047 FIG. 20 is a diagram illustrating the shake amount 
when viewed in the Y axis direction; 
0048 FIG. 21 is a diagram illustrating the shake amount 
when viewed in the Z axis direction; 
0049 FIG. 22 is a diagram illustrating the shake amount 
when viewed in the Z axis direction; 
0050 FIG. 23 shows the results (1) of measuring the rota 
tional force F1 and the centrifugal force F2: 
0051 FIG. 24 shows the results (2) of measuring the rota 
tional force F1 and the centrifugal force F2: 
0052 FIG. 25 shows the results (3) of measuring the rota 
tional force F1 and the centrifugal force F2: 
0053 FIG. 26 shows the results (4) of measuring the rota 
tional force F1 and the centrifugal force F2: 
0054 FIG. 27 shows the results (5) of measuring the rota 
tional force F1 and the centrifugal force F2: 
0055 FIG. 28 is a diagram of the total amount of shake in 
the Y axis direction; 
0056 FIG. 29 is a diagram of the total amount of shake in 
the X axis direction; 
0057 FIG.30 is a simplified diagram of a camera configu 
ration (second embodiment); 
0058 FIG. 31 is a block diagram of the camera (second 
embodiment); and 
0059 FIG. 32 is a simplified diagram of the configuration 
of a single lens reflex camera (other embodiment). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0060 Selected embodiments will now be explained with 
reference to the drawings. It will be apparent to those skilled 
in the art from this disclosure that the following descriptions 
of the embodiments are provided for illustration only and not 
for the purpose of limiting the invention as defined by the 
appended claims and their equivalents. 
0061 Embodiments will now be described through refer 
ence to the drawings. 
0062 Overall Configuration of Camera 
0063. The overall configuration of the camera 1 according 

to an embodiment will now be described through reference to 
FIGS. 1 to 3. FIG. 1 is a front view of a camera, FIG. 2 is a 
diagram of the internal configuration of the camera 1, and 
FIG. 3 is a block diagram of the camera 1. 
0064. As shown in FIGS. 1 and 2, the camera 1 has a 
housing 2, an optical system O for forming an optical image 
of a Subject, a lens barrel 3 for Supporting the optical system 
O, and an imaging element 17. The optical system O is, for 
example, a Zoom optical system having a plurality of lens 
groups, and has an optical axis A. With the camera 1, a 
perpendicular coordinate system (X, Y, and Z) is set using the 
optical axis A as a reference. The Z axis coincides with the 
optical axis A, and the Subject side of the camera 1 corre 
sponds to the positive side in the Z axis direction. The lens 
groups of the optical system O are driven along the optical 
axis A by a Zoom drive unit 13 via a plurality of lens frames 
included in the lens barrel 3. This allows the optical Zoom 
ratio of the optical system O to be varied. The Zoom drive unit 
13 has a stepping motor, for example. The operation of the 
Zoom drive unit 13 is controlled by a drive controller 22 of a 
microcomputer 20 (discussed below). The drive controller 22 
counts the number of control pulses sent to the Zoom drive 
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unit 13, which allows the microcomputer 20 to ascertain the 
optical Zoom ratio of the optical system O. 
0065. The camera 1 has a first angular velocity sensor 4 (an 
example of a first angle acquisition section) for detecting the 
angular Velocity (DX of the housing 2 around the X axis, a 
second angular Velocity sensor 5 (an example of an angle 
acquisition section) for detecting the angular Velocity (oy of 
the housing 2 around the Y axis, a third angular Velocity 
sensor 6 for detecting the angular Velocity oZ of the housing 2 
around the Z axis, and a range finder 8 (an example of a 
distance acquisition section). 
0066. The first to third angular velocity sensors 4 to 6 are 
gyro sensors, for example. The first to third angular Velocity 
sensors 4 to 6 can detect the rotary motion (angular Velocity) 
of the housing 2. The rotational angle can be acquired by 
Subjecting the detected angular velocity to time integration. 
This computation is performed by an angle computer 24 of 
the microcomputer 20. That is, the first to third angular veloc 
ity sensors 4 to 6 and the angle computer 24 constitute an 
angle acquisition section with which the rotational angle of 
the camera 1 can be acquired. 
0067. The range finder 8 is an apparatus used to measure 
the distance to the Subject by utilizing an infrared beam, a 
laser, or the like. The distance from the camera 1 to the subject 
can be measured by the range finder 8. More precisely, the 
range finder 8 can acquire the distance from the detection 
center C of an acceleration sensor 7 (discussed below) to the 
Subject. 
0068. The camera 1 has an acceleration sensor 7 (an 
example of a displacement acquisition section) for detecting 
the acceleration to which the camera 1 is subjected, in addi 
tion to the first to third angular velocity sensors 4 to 6. The 
acceleration sensor 7 is, for example, a MEMS (micro-elec 
tro-mechanical system) type of biaxial acceleration sensor, 
and has two perpendicular sensitivity axes (a first sensitivity 
axis SX and a second sensitivity axis Sy). In a state in which a 
rotary drive unit 11 is in its reference position (a state in which 
the imaging element 17 is not tilted with respect to the hous 
ing 2), the first and second sensitivity axes SX and Sy are 
disposed substantially parallel to the X axis direction and the 
Y axis direction. The acceleration sensor 7 has a detection 
center C. The detection center C is an imaginary point that is 
the center in the detection of acceleration by the acceleration 
sensor 7, and substantially coincides with the intersection of 
the first and second sensitivity axes SX and Sy. When viewed 
in the Z axis direction, the detection center C substantially 
coincides with the optical axis A and the Z axis. If the accel 
eration sensor 7 is rectangular when viewed along the optical 
axis A, the detection center C substantially coincides with the 
center of this rectangle, for example. Therefore, when viewed 
along the optical axis A, the acceleration sensor 7 overlaps the 
optical axis A. 
0069. When the acceleration detected by the acceleration 
sensor 7 has undergone time integration twice, the amount of 
displacement (amount of movement) of the camera 1 is 
obtained. This computation is performed by a displacement 
amount computer 23 (discussed below). This displacement 
amount is used in the computation of the drive amount by a 
correction computer 21. That is, the acceleration sensor 7 and 
the displacement amount computer 23 constitute a displace 
ment acquisition section with which the amount of displace 
ment of the camera 1 can be acquired. 
0070 The optical system O has a correcting lens 9 for 
correcting displacement of the optical image (hereinafter also 
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referred to as image blur) with respect to the imaging element 
17 caused by shaking of the housing 2. The correcting lens 9 
is driven in a direction perpendicular to the optical axis A with 
respect to the housing 2 by a first drive unit 10 and a second 
drive unit 12. More precisely, the first drive unit 10 drives the 
correcting lens 9 in the Y axis direction (the pitch direction). 
The second drive unit 12 drives the correcting lens 9 in the X 
axis direction (the yaw direction). The position of the correct 
ing lens 9 with respect to the lens barrel 3 or the optical axis 
A can be detected by a first position sensor 15 and a second 
position sensor 16. The first position sensor 15 detects the 
position of the correcting lens 9 in the X axis direction. The 
second position sensor 16 detects the position of the correct 
ing lens 9 in the Y axis direction. 
0071. The camera 1 has a rotary drive unit 11 for rotation 
ally driving the imaging element 17 around the optical axis A. 
The rotary drive unit 11 has a rotary plate 18 that rotates 
around the optical axis A, and an actuator 19 that rotationally 
drives the rotary plate 18. The rotational axis K of the rotary 
plate 18 substantially coincides with the optical axis A. The 
actuator 19 is a stepping motor, for example, and is directly or 
indirectly fixed to the housing 2. The operation of the rotary 
drive unit 11 is controlled by the drive controller 22. The 
microcomputer 20 can ascertain the rotational angle of the 
rotary plate 18 with respect to the housing 2 by counting the 
number of control pulses sent from the drive controller 22 to 
the actuator 19. 
0072 The imaging element 17 is provided on the Z axis 
direction positive side of the rotary plate 18, and the accel 
eration sensor 7 is provided on the Z axis direction negative 
side (the opposite side from the imaging element 17). Con 
sequently, the imaging element 17 and the acceleration sensor 
7 can be rotated by any angle around the optical axis A 
(around the Z axis) with respect to the housing 2. When 
viewed along the optical axis A, the center of the imaging 
element 17 and the detection center C of the acceleration 
sensor 7 substantially coincide with the rotational axis K of 
the rotary plate 18. 
0073. The camera 1 is controlled by the microcomputer 
20. The microcomputer 20 has a CPU, ROM, and RAM, and 
can execute various functions by reading programs stored in 
the ROM into the CPU. For instance, the microcomputer 20 
has a function of calculating the shake amount of the camera 
1, or a function of calculating the drive amount of the correct 
ing lens 9 from the rotational angle and the optical Zoom ratio. 
0074 As shown in FIG. 3, the microcomputer 20 has the 
correction computer 21, the drive controller 22, the displace 
ment amount computer 23, and the angle computer 24. The 
angle computer 24 calculates rotational angles 0x, Oy, and 0Z 
by Subjecting the angular Velocities (OX, coy, and (DZ detected 
by the first to third angular velocity sensors 4 to 6 to time 
integration. The displacement amount computer 23 calculates 
the respective displacement amounts by performing time 
integration twice on accelerations AX and Ay, which are first 
and second sensitivity axes SX and Sy detected by the accel 
eration sensor 7. The correction computer 21 calculates the 
drive amount Ad of the correcting lens 9 on the basis of the 
rotational angle and displacement amount. The drive control 
ler 22 controls the operation of the first drive unit 10, the 
second drive unit 12, and the rotary drive unit 11 on the basis 
of the drive amount Ad calculated by the correction computer 
21. 

0075. As discussed above, computation is performed by 
the microcomputer 20 based on the detection results of the 
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various sensors, and image blur can be corrected according to 
the movement of the camera 1. That is, the correcting lens 9. 
the first drive unit 10, the second drive unit 12, the imaging 
element 17, and the rotary drive unit 11 constitute an image 
blur corrector that corrects image blur. Also, the correcting 
lens 9, the first drive unit 10, and the second drive unit 12 
constitute a first corrector that uses a correction optical sys 
tem to perform image blur correction. 
0076. Effect that Position of Rotational Center has on 
Shake Amount 

0077. A camera 101 will be used as an example to describe 
the effect that the position of the rotational center of rotational 
shake of the camera has on the amount of camera shake and 
the amount of image blur. FIG. 4 shows the coordinate system 
of the camera 101. As shown in FIG. 4, a perpendicular 
coordinate system (X, Y, and Z) is set using the optical axis A 
of the optical system O as a reference. The Z axis coincides 
with the optical axis A. 
0078. Two kinds of shake are possible in the camera 101 
during imaging: rotational shake and translational shake. 
Rotational shake refers to shaking of the camera 101 caused 
by rotation of the camera 101 around a point present in the 
coordinate system. Translational shake refers to shaking of 
the camera 101 caused by movement of the camera 101 with 
respect to the coordinate system in a state in which there is no 
change in the angle (orientation) of the camera 101 with 
respect to the coordinate system. Usually, the shaking of the 
camera 1 is a combination of these two kinds of shake. 

0079 We will let the rotational center of rotational shake 
of the camera 101 be Oc (Xc, Yc, Zc), the rotational angle of 
rotational shake around the X axis be the angle 0x (pitch 
component), the rotational angle around the Y axis be the 
angle Oy (yaw component), and the rotational angle around 
the Z axis be the angle 0Z (roll component). We will let the X 
axis component of the translational shakeV of the camera 101 
be AX, the Y axis component be AY, and the Z axis component 
be AZ. 

0080 (1) The Effect that the Rotational Angle 0x has on 
the Shake Amount 

0081 FIG. 5 is a schematic of the effect that the rotational 
angle 0x has on the amount of shake. In FIG. 5, for the sake of 
convenience, the optical system O is Substituted with a single 
lens 102. We will let L be the distance (imaging distance) 
from the lens 102 to a subject 103 in a state in which no shake 
of the camera 101 is occurring, and let fxD be the distance 
from the lens 102 to the imaging element 17 in a state in which 
no shake of the camera 101 is occurring. Here, f is the focal 
length (such as 35 mm), and D is the optical Zoom ratio. 
0082 In FIG. 5, if we assume that the lens 102 has moved 
to a position 102 after rotating by the angle 0x around the 
point Oc (Xc, Yc, Zc), then the shake amount Abx' of the 
camera 101 when viewed in the X axis direction is expressed 
by the following equation. 

Mathematical Formula 1 

Abx'=Ax1 +Ax2' 

0083. Here, the shake amount AX2 is the rotational com 
ponent of the shake amount of the camera 101 when the center 
E of the lens 102 is used as a reference, and the shake amount 
Ax1' is the translational component of the shake amount of the 
camera 101 caused by offset of the center E of the lens 102 
and the rotational center Oc. To make it easier to see the 
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difference between the shake amounts AX1 and AX2 (dis 
cussed below), Ax1' and Ax2' are used here as the shake 
amountS. 

0084. When geometrically calculated, the shake amounts 
AX1'. AL, and AX2' are expressed by the following equations. 
0085. When Zc=0, 

Mathematical Formula 2) 

Ax1'=Yc-Ycxcos 0x 

Mathematical Formula 3 

AL=Ycxsim 0x 

0086. When Zcz0, 
Mathematical Formula 4 

Mathematical Formula 5 

Mathematical Formula 6 

0087 Furthermore, if we assume that a lens 102 has 
moved to a position 102" due to translational shake V (AX, 
AY, AZ), then the translational shake amount Ax3' is 
expressed by the following equation. 

Mathematical Formula 7 

0088. Because of the above, the shake amount Abx' is 
expressed by the following equation. 

Mathematical Formula 8 

I0089 (2) The Effect that the Rotational Angle 0y has on 
the Shake Amount 
0090 FIG. 6 is a schematic of the effect that the rotational 
angle 0y has on the amount of shake. In FIG. 6, just as with 
FIG. 5, the optical system O is substituted with a single lens 
102, and we will let L be the distance (imaging distance) from 
the lens 102 to the subject 103 in a state in which no shake of 
the camera 101 is occurring, and let fxD be the distance from 
the lens 102 to the imaging element 17 in a state in which no 
shake of the camera 101 is occurring. Here, f is the focal 
length (such as 35 mm), and D is the optical Zoom ratio. 
0091. In FIG. 6, when the camera 101 has rotated by the 
angle 0y around the rotational center Oc (Xc, Yc, Zc), and as 
a result the lens 102 has moved to the position 102', then the 
shake amount Aby' of the camera 101 when viewed in the Y 
axis direction is expressed by the following equation. 

Mathematical Formula 9 

0092. Here, the shake amount Ay2 is the rotational com 
ponent of the shake amount of the camera 101 when the center 
E of the lens 102 is used as a reference, and the shake amount 
Ay1' is the translational component of the shake amount of the 
camera 101 caused by offset of the center E of the lens 102 
and the rotational center Oc. To make it easier to see the 
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difference between the shake amounts Ay1 and Ay2 (dis 
cussed below), Ay1' and Ay2" are used here as the shake 
amountS. 

0093. When geometrically calculated, the shake amounts 
Ay1'. AL, and Ay2" are expressed by the following equations. 
0094. When Zc=0, 

Mathematical Formula 10 

Ay1'=Xc-Xcxcos 0y 

Mathematical Formula 11 

AL=Xcxsin 0y 

0.095 When Zcz0, 
Mathematical Formula 12 

Mathematical Formula 13 

AL=Zc-VXc’+Zc'xcos(0--0k) 

Mathematical Formula 14 

0096. Furthermore, if we assume that a lens 102 has 
moved to a position 102" due to translational shake V (AX, 
AY, AZ) of the camera 101, then the translational shake 
amount Ay3' is expressed by the following equation. 

Mathematical Formula 15 

0097. Because of the above, the shake amount Aby" is 
expressed by the following equation. 

Mathematical Formula 16 

(0098 (3) Shake Amount whenViewed in the ZAxis Direc 
tion 
(0099 FIGS. 7A and 7B are diagrams illustrating the 
amount of shake AZ2 of the camera 101 when the rotational 
center Oc coincides with the center E of the lens 102. FIG. 8 
is a diagram illustrating the amount of shake AZ" when the 
rotational center Oc is offset from the center E of the lens 102. 
As shown in FIGS. 7A and 7B, when the rotational center Oc 
coincides with the center E of the lens 102, the lens 102 
rotates by the angle 0Z around the optical axis A. In this case, 
the lateral width W of the subject 103 is expressed by the 
following equation. 

Mathematical Formula 17 

0100. Therefore, if we let Wix be the lateral width of the 
imaging element 17, and Wybe the longitudinal width of the 
imaging element 17, the shake amount AZ2 is expressed by 
the following equation. 

Mathematical Formula 18 

0101. In FIG. 8, if the rotational center Oc is offset from 
the center E, the lens 102 rotates by the angle 0Z around the 
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rotational center Oc (Xc, Yc, Zc). Therefore, the shake 
amount Az' caused by offset of the center E and the rotational 
center Oc is expressed by the following equation. 

Mathematical Formula 19 

0102 Therefore, the shake amount Abz when viewed in 
the Z axis direction is expressed by the following equation. 

Mathematical Formula 20 

(4) Shake Amount Calculation Results 
0103) When it is calculated, on the basis of the above 
relation, who the pitch component AbX', the yaw component 
Aby", and the roll component Abz of the shake amount of the 
camera 101 (more precisely, the pitch, yaw, and roll compo 
nents of the amount of displacement of an optical image with 
respect to the imaging element 17 calculated on the basis of 
the pitch component AbX', the yaw component Aby", and the 
roll component Abz) are affected by the optical Zoom ratio D 
and the imaging distance L, the following results are 
obtained. In this calculation, it was assumed that the focal 
length f was 28 mm when the optical Zoom ratio D=1, the 
optical Zoom ratio D was 1 to 10 times, and the imaging 
element 17 was a CCD with 7,200,000 pixels and a 1/2.5 
format. 

0104. As discussed above, regarding the rotational shake 
of the camera1, it has been confirmed experimentally that the 
angles OX, Oy, and OZ are about the same, and this has been 
discussed, for example, “3D Measurement and Quantifica 
tion of Hand Shake' published in IEICE Technical Report 
PRMU2006-202 (2007-1). The fact that the maximum rota 
tional angle of rotational shake is about 0.5° has also been 
confirmed experimentally in the past. Therefore, we will 
assume the rotational angles here to be 0x=0y=0Z. 0.5°. 
0105 FIG. 9 is a graph of the results of calculating the 
pitch, yaw, and roll components of the amount of shake when 
the rotational center Oc coincides with the center E of the lens 
102 and there is no translational shake of the camera101. That 
is, FIG.9 shows the results of calculating when Xc=Yc-Zc 32 
0. The amount of image blur referred to here is the amount of 
displacement of an optical image with respect to the imaging 
element 17 caused by shaking of the camera 101. The pitch, 
yaw, and roll components of the amount of image blur are 
calculated on the basis of the above-mentioned pitch compo 
nent AbX', yaw component Aby", and roll component AbZ, and 
are each expressed as a pixel count. It can be seen from FIG. 
9 that the pitch, yaw, and roll components of the amount of 
image blur are about the same when the optical Zoom ratio D 
is low, but as the optical Zoom ratio Drises, the pitch, yaw, and 
roll components of the amount of image blur increase. 
0106 Next, a case in which the rotational center Oc is 
offset from the center E of the lens 102 will be described. 
FIGS. 10A to 10C are graphs of the relation between a first 
increase amount and the X axis component Xc of the rota 
tional center Oc, FIGS. 11A to 11C are graphs of the relation 
between a first increase amount and the Y axis component Yc 
of the rotational center Oc, and FIGS. 12A to 12C are graphs 
of the relation between a first increase amount and the Z axis 
component Zc of the rotational center Oc. The first increase 
referred to here is the amount of image blur that is increased 
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by offset of the rotational center Oc from the center E of the 
lens 102, and is the amount of image blur corresponding to the 
above-mentioned shake amounts AX1' and Ay1'. 
0107. In the graphs, the horizontal axis is the optical Zoom 
ratio D, and the vertical axis is the first increase amount. Also, 
the top graph in each drawing shows the imaging distance 
L-50 cm, the middle graph shows the imaging distance L-1 
m, and the bottom graph shows the imaging distance L-10 m. 
Calculations are made for three different situations, when the 
distances Xc, Yc, and Zc from the rotational center Oc to the 
center E of the lens 102 are (A) 0 mm, (B) 150 mm, and (C) 
300 mm, respectively. The joints of the user are usually the 
rotational center in actual imaging. For instance, when a point 
that is away from the camera, such as an elbow or a shoulder, 
is the rotational center, the distance from the center E of the 
lens 102 to the rotational center Oc is about 300 mm. 

0108. It can be seen from FIGS. 10A to 12C that when the 
optical Zoom ratio D is high and the imaging distance L is 
short, offset between the rotational center Oc and the center E 
of the lens 102 have a greater effect on the amount of image 
blur. If we take into consideration the fact that shaking of the 
camera 101 results in very noticeable degradation of the 
image when the actual amount of image blur is 10 (pixels) or 
greater, offset between the rotational center Oc and the center 
E of the lens 102 can no longer be ignored above this level. 
The offset amount Xc between the rotational center Oc and 
the center E of the lens 102 in the X axis direction has a 
particularly great effect on the roll component of the image 
bluramount, and the offset amount Yc between the rotational 
center Oc and the center E of the lens 102 in the Y axis 
direction also greatly affects the roll component of the image 
blur amount. Further, the offset amount Zc between the rota 
tional center Oc and the center E of the lens 102 in the Z axis 
direction greatly affects both the pitch component and the 
yaw component of the image bluramount. In these graphs, the 
calculation results for the pitch component may look like they 
are not displayed, but since the calculation results for the pitch 
component are the same as the calculation results for the yaw 
component, the pitch component results are merely Super 
posed with the yaw component results. 
0.109 Effect that Translational Shake of the Camera has on 
Blur Amount 

0110. Next, we will describe the effect that translational 
shake of the camera 101 has on the amount of image blur. 
FIGS. 13A to 13C are graphs of the relation between a second 
increase amount and the translational shake amount AX of the 
camera 101 in the X axis direction, FIGS. 14A to 14C are 
graphs of the relation between the second increase amount 
and the translational shake amount AY of the camera 101 in 
the Y axis direction, and FIGS. 15A to 15C are graphs of the 
relation between the second increase amount and the transla 
tional shake amount AZ of the camera 101 in the Z axis 
direction. In FIGS. 13A to 15C, the horizontal axis is the 
optical Zoom ratio D, and the vertical axis is the second 
increase amount. The second increase referred to here is the 
amount of image blur corresponding to translational shake, 
and is the amount of image blur corresponding to the above 
mentioned shake amounts Ax3' and Ay3". 
0111. In FIGS. 13A to 15C, the top graph in each drawing 
shows the imaging distance L-50 cm, the middle graph shows 
the imaging distance L-1 m, and the bottom graph shows the 
imaging distance L-10 m. Calculations are made for three 
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different situations, when the translational shake amounts 
AX, AY, and AZ are (A) 0 mm, (B) 2 mm, and (C) 4 mm, 
respectively. 
0112. It can be seen from FIGS. 13 A to 15C that in regard 
to the translational shake amounts AX and AY, when the 
optical Zoom ratio D is high and the imaging distance L is 
short, translational shake of the camera 101 greatly affects the 
amount of image blur. More specifically, the yaw component 
of the second increase amount grows with the translational 
shake amount AX, and the pitch component of the second 
increase amount grows with the translational shake amount 
AY. The translational shake amount AZ in the Z axis direction, 
however, hardly affects the amount of image blur, so the 
translational shake amount AZ may safely be ignored. 
0113. As discussed above, the position of the rotational 
center Oc greatly affects the amount of image blur, and thus 
cannot be ignored. Accordingly, to further improve image 
blur correction performance, the shake amount or image blur 
amount must be calculated by taking into account the fact that 
the rotational center Oc can be in any of various positions. 
0114 Image Blur Correction Taking into Account Rota 
tional Center and Translation 

0115. As discussed above, camera shake can be divided 
into two types: rotational shake and translational shake. To 
improve the image blur correction effect, in regard to the 
rotational shake of the camera, the amount of offset between 
the rotational center Oc and a reference point must be taken 
into consideration. 

0116. However, finding the position of the rotational cen 
terOc is difficult in actual practice, and the amount of camera 
shake cannot be calculated by the above calculation method. 
0117. In view of this, with the camera 1, classification is 
performed as follows, and computation for image blur cor 
rection is performed. 
0118 Just as with the schematic diagram shown in FIG.4, 
with this camera 1 a perpendicular coordinate system (X, Y, 
and Z) is set in which the optical axis A of the optical system 
O is the Z axis. The rotational angles when the rotational 
center at which rotational shake is generated in the camera 1 
is broken down into Oc (Xc, Yc, Zc) and the rotational shake 
into the perpendicular coordinate system (X, Y, Z) shall be 
termed 0X (pitch component), Oy (yaw component), and 0Z 
(roll component). We will let the translational shake compo 
nent of the camera 1 be V=(AX, AY, AZ). 
0119 Here, the angle 0x indicates the rotational angle of 
the camera 1 around the X axis, and includes information 
related to the positive and negative directions around the X 
axis. The angle Oy indicates the rotational angle of the camera 
1 around the Y axis, and includes information related to the 
positive and negative directions around the Y axis. The angle 
0Z indicates the rotational angle of the camera 1 around the Z 
axis, and includes information related to the positive and 
negative directions around the Z axis. The shake amounts AX. 
AY, and AZ indicate the amounts of translational shake of the 
camera in the X, Y, and Z axis directions, and include infor 
mation related to the positive and negative directions in the 
above-mentioned coordinate system. 
0120. The rotational angles 0x, 0y, and 0Z can be calcu 
lated by Subjecting the angular velocities (OX, coy, and ()Z 
detected by the first to third angular velocity sensors 4 to 6 to 
time integration. 
0121 The methods for calculating the amounts of rota 
tional shake and translational shake will now be described. 
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0.122 Rotational Shake 
I0123 (1) Amount of Shake when Viewed in the X Axis 
Direction 
0.124. The correction of image blur caused by rotational 
shake with an angle of 0x (pitch component) will be 
described. FIG. 16 is a diagram illustrating when the rota 
tional center of the rotational shake of the camera1 is Oc (Xc, 
Yc, Zc), and the rotational shake angle of the camera 1 is 0x 
(pitch component). 
0.125 With the above-mentioned method for calculating 
the shake amount, the rotational shake component AX2 is 
calculated using the center E of the lens 102 as a reference. 
I0126. However, finding the position of the rotational cen 
ter Oc using the center E of the lens 102 as a reference is 
difficult in actual practice, and the rotational shake compo 
nent AX2' cannot be found. 
0127. In view of this, with this camera 1, the rotational 
shake component AX2 is calculated using the detection center 
C of the acceleration sensor 7 as a reference in order to take 
the position of the rotational center Oc into account in the 
computation. The method for calculating the rotational shake 
component AX2 using the detection center C of the accelera 
tion sensor 7 as a reference will now be described. 
0128. As shown in FIG.16, when the rotational center Oc 
(Xc, Yc, Zc) is rotated by the angle 0x and the acceleration 
sensor 7 is moved to the position 7", the shake amount AbX is 
expressed by the following equation. 

Mathematical Formula 21 

0129. Here, the shake amount AX2 is the rotational com 
ponent of the shake amount of the camera 1 when the detec 
tion center C of the acceleration sensor 7 is used as a refer 
ence, and the shake amount AX1 is the translational 
component of the shake amount of the camera 1 when the 
rotational center Oc and the detection center C of the accel 
eration sensor 7 are used as a reference. For the sake of 
convenience here, the optical system O will be substituted 
with a single lens 30. The shake amounts AX1 and AX2 indi 
cate the shake amounts of the camera 1 in the Y axis direction, 
and include information related to the positive and negative 
directions. 
0.130. Just as with the above-mentioned shake amount 
Ax2', the shake amount AX2 is expressed by the following 
formula. 

Mathematical Formula 22 

0.131. In this case, the distance L2 from the lens 30 to the 
acceleration sensor 7 is also taken into account in addition to 
the distance L from the center E of the lens 30 to the subject 
103, so the shake amount Ax2 is greater than the shake 
amount AX2' by L2xtan 0X (as compared to the above-men 
tioned Formula 6). The distance L here can be found with the 
range finder 8, for example. The distance L2 is a value deter 
mined at the design stage, and is preset in the microcomputer 
20. 
0.132. Also, since the shake amount AX2 is calculating 
using the detection center C of the acceleration sensor 7. 
rather than the center E of the lens 30, as a reference, the shake 
amount AX1 coincides with the amount of displacement of the 
acceleration sensor 7 in the Yaxis direction, as shown in FIG. 
16. The amount of displacement of the acceleration sensor 7 
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is obtained by subjecting the acceleration Ay in the Y axis 
direction detected by the acceleration sensor 7 to time inte 
gration twice. More specifically, the shake amount AX1 is 
expressed by the following equation. 

Mathematical Formula 23 

0133. The time there is a predetermined unit time, such as 
the unit detection time of the acceleration sensor 7. 
0134. The shake amount AbX that takes into account the 
position of the rotational center Oc (more precisely, the shake 
amounts AX1 and AX2) can be calculated by a simple method, 
without finding the rotational center Oc directly, by using the 
detection center C of the acceleration sensor 7 as a reference. 
More specifically, an accurate shake amount AX1 can be cal 
culated from the acceleration Ay in the Y axis direction 
obtained by the acceleration sensor 7, and an accurate rota 
tional angle 0X can be found from the angular Velocity (OX 
around the X axis obtained by the first angular velocity sensor 
4. 
0135 The method for correcting image blur caused by the 
shake amount Ab will now be described briefly. Image blur is 
corrected by driving the correcting lens 9 in the X axis direc 
tion or Y axis direction (in this case, the Y axis direction) 
according to the various shake amounts. The relation between 
the correction angle A0 and the drive amount Ad of the cor 
recting lens 9 here varies with the optical Zoom ratio. The 
"correction angle A0 is the angle calculated from the imag 
ing distance and the shake amount Ab. In this case, as shown 
in FIG. 17, the correction angle A0 is determined using the 
detection center C of the acceleration sensor 7, rather than the 
center E of the lens 30, as a reference. The distance from the 
acceleration sensor 7 (more precisely, the detection center C 
of the acceleration sensor 7) to the subject is used for the 
distance to the subject in the calculation of the drive amount 
Ad. The relation between the correction angle A0 and the 
drive amount Ad of the correcting lens 9 calculated ahead of 
time under this condition is indicated by the data in FIG. 18. 
for example. 
0136. In FIG. 18, horizontal axis is the drive amount Ad of 
the correcting lens 9, and the vertical axis is the correction 
angle A0. Since the relation between the drive amount Adand 
the correction angle A0 varies with the optical system, it must 
be ascertained for each optical system. Therefore, the data 
shown in FIG. 18 is stored ahead of time in the ROM of the 
microcomputer 20, and this data can be used to find the drive 
amount Ad from the calculated shake amount and the optical 
Zoom ratio. As can be seen in FIG. 18, the relation between the 
drive amount Ad of the correcting lens 9 and the correction 
angle A0 varies with the optical Zoom ratio. The relation 
shown in FIG. 18 is the same for both the correction angle 
around the X axis (pitch direction) and the correction angle 
around the Y axis (yaw direction). 
0137 Based on FIG. 17, the correction angle 0x1 corre 
sponding to the shake amount AX1 is expressed by the fol 
lowing equation. 

Mathematical Formula 24 

0.138. Thus, the correction angle 0x1 can be found from 
the shake amount AX1, and therefore the actual drive amount 
Adx1 of the correcting lens 9 can be found. In addition to this, 
the drive amount AdX2 for correcting the image blur caused 
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by the shake amount AX2 can be calculated from the graph in 
FIG. 18 and from the rotational angle 0x corresponding to the 
shake amount Ax2. The drive amount Adx obtained by sum 
ming the drive amounts AdX1 and AdX2 becomes the final 
drive amount Adx of the correcting lens 9. When the correct 
ing lens 9 is driven in the Y axis direction by this drive amount 
AdX, image blur caused by the shake amounts AX1 and AX2 
can be corrected. 
(0.139. In FIG.16, the rotational center Oc (Xc, Yc, Zc) is to 
the rear of the acceleration sensor 7 (on the opposite side from 
the subject 103), but image blur can be corrected by the same 
method as described above when the rotational center Oc (Xc, 
Yc, Zc) is in front of the acceleration sensor 7 (on the subject 
103 side). This is because, as discussed above, the shake 
amounts AX1 and AX2 and the angles OX, Oy, and 0Z include 
information related to the positive and negative directions. 
Therefore, as shown in FIG. 19A, for example, the shake 
amount AbX can be calculated from Formula 21 both when the 
rotational center Oc is on the opposite side from the subject 
103 with the acceleration sensor 7 in between, or as shown in 
FIG. 19B, when the rotational center Oc is between the accel 
eration sensor 7 and the subject 103. 
0140 (2) Shake Amount whenViewed in the YAxis Direc 
tion 
0141 Next, the correction of image blur caused by rota 
tional shake with an angle of Oy (yaw component) will be 
described. FIG. 20 is a diagram illustrating when the rota 
tional center at which the rotational shake of the camera 1 is 
generated is Oc (Xc,Yc, Zc), and the rotational shake angle of 
the camera 1 is Oy (yaw component). 
0.142 Here, just as with the angle 0x discussed above, the 
rotational shake component Ay2 is calculated using the detec 
tion center C of the acceleration sensor 7 as a reference. 
0143. In FIG. 20, if we assume that the rotational center Oc 
has been rotated by the angle 0y around the center, and as a 
result the acceleration sensor 7 moved to the position 7", the 
shake amount Aby is expressed by the following equation. 

Mathematical Formula 25 

0144. Here, the shake amount Ay2 is the rotational com 
ponent of the shake amount when the detection center C of the 
acceleration sensor 7 is used as a reference, and the shake 
amount Ay1 is the rotational component of the shake amount 
of the camera 1 caused by offset of the rotational center Oc 
and the detection center C of the acceleration sensor 7. The 
shake amounts Ay1 and Ay2 indicate shake amounts in the X 
axis direction, and include information related to the positive 
and negative directions. 
(0145. Just as with the above-mentioned shake amount 
Ay2, the shake amount Ay2 is expressed by the following 
formula. 

Mathematical Formula 26 

0146 In this case, the distance L2 from the lens 30 to the 
acceleration sensor 7 is also taken into account in addition to 
the distance L from the center E of the lens 30 to the subject 
103, so the shake amount Ay2 is greater than the shake 
amount Ay2" by L2xtan Oy (as compared to the above-men 
tioned Formula 14). 
0147 Also, since the shake amount Ay2 is calculating 
using the detection center C of the acceleration sensor 7. 
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rather than the center E of the lens 30, as a reference, the shake 
amount Ay1 coincides with the amount of displacement of the 
acceleration sensor 7 in the Yaxis direction, as shown in FIG. 
20. The amount of displacement of the acceleration sensor 7 
is obtained by Subjecting the acceleration AX in the X axis 
direction detected by the acceleration sensor 7 to time inte 
gration twice. More specifically, the shake amount Ay1 is 
expressed by the following equation. 

Mathematical Formula 27 

0148. As discussed above, the shake amount Aby (more 
specifically, the shake amounts Ay1 and Ay2) that is affected 
by positional offset of the rotational center can be calculated 
by a simple method, without finding the rotational center Oc 
directly, by using the detection center C of the acceleration 
sensor 7 as a reference. More specifically, an accurate shake 
amount Ay1 can be calculated from the acceleration AX in the 
Xaxis direction obtained by the acceleration sensor 7, and an 
accurate rotational angle 0y can be found from the angular 
Velocity (oy around the Y axis obtained by the second angular 
velocity sensor 5. 
0149. Just as with the above-mentioned correction angle 
0x1, the correction angle Oy1 corresponding to the shake 
amount Ay1 obtained from the acceleration sensor 7 is 
expressed by the following equation. 

Mathematical Formula 28 

0150. Just as with the above-mentioned correction angle 
0x1, the drive amount Ady1 corresponding to the correction 
angle 0y 1 can be found on the basis of the graph in FIG. 18. 
In addition, the drive amount Ady2 for correcting image blur 
caused by the shake amount Ay2 can be calculated from the 
graph in FIG. 18 and from the rotational angle 0y correspond 
ing to the shake amount Ay2, as well as the above-mentioned 
shake amount Ax2. The drive amount My obtained by sum 
ming the drive amounts Ady1 and Ady2 becomes the final 
drive amount of the correcting lens 9. When the correcting 
lens 9 is driven in the X axis direction by this drive amount 
My, image blur caused by the shake amounts Ay1 and Ay2 can 
be corrected. 
0151 (3) Shake Amount when Viewed in the ZAxis Direc 
tion 
0152 The correction of image blur caused by rotational 
shake with an angle of 0Z (roll component) will be described. 
FIG. 21 is a diagram illustrating when the rotational center of 
the rotational shake of the camera1 is Oc (Xc,Yc, Zc), and the 
rotational shake angle of the camera 1 around the Z axis is 0Z 
(roll component). The amount of shake of the camera 1 
caused by roll is indicated by Formula 20, and is made up of 
the shake amount AZ2 when the rotational center Oc coincides 
with the detection center C of the acceleration sensor 7, and 
the shake amount Az' caused by offset between the rotational 
center Oc and the detection center C of the acceleration sensor 
7. 

0153. The shake amount AZ2 when the rotational center 
Oc coincides with the detection center C of the acceleration 
sensor 7 corresponds to the angle 0Z. The angle 0Z can be 
found by Subjecting the angular velocity oZ around the Z axis 
detected by the third angular velocity sensor 6 to time inte 
gration. The microcomputer 20 issues a command so that the 
rotary drive unit 11 is rotated in the opposite direction by the 
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rotational angle 0Z on the basis of the calculated rotational 
angle 0Z. Consequently, rotational motion of the camera 1 
around the Z axis is accompanied by rotation of the imaging 
element 17 with respect to the housing 2, and the shake 
amount AZ2 is corrected. 
0154 Next, the operation for correcting the shake amount 
AZ1 will be described. The shake amount AZ1 can be found 
from the detection result of the acceleration sensor 7. More 
specifically, as shown in FIG. 22, when rotational shake with 
a rotational angle 0Z (roll component) occurs, forces F1 and 
F2 act on the acceleration sensor 7. The force F1 indicates the 
rotational direction component (rotational force), while the 
force F2 indicates the radial direction component (centrifugal 
force). 
0.155. An experiment in which the rotational force F1 and 
the centrifugal force F2 were found was conducted to exam 
ine the relation between the rotational force F1 and the cen 
trifugal force F2. Theoretically, the rotational force F1 and the 
centrifugal force F2 are expressed by the following equations. 

Mathematical Formula 29 

F1/n=rC. 

Mathematical Formula 30 

0156 Here, m is the mass of the rotating camera, r is the 
rotation radius, () is the angular Velocity, and C. is the angular 
acceleration. The angular acceleration a can be found by 
Subjecting the output of the third angular velocity sensor 6 to 
time integration. 
0157. The measurement results found from the output of 
the third angular velocity sensor 6 are shown in FIGS. 23 to 
27. In FIGS. 23 to 27, the upper graph shows the value 
corresponding to the rotational force F1 (rotation radius r X 
angular acceleration a in the tangential direction), and the 
lower graph shows the value corresponding to the centrifugal 
force F2 (the square of the rotation radius ()xthe angular 
velocity (D). The formula at the bottom of each drawing indi 
cates the ratio of the maximum value of the rotational force F1 
and the maximum value of the centrifugal force F2, that is, the 
value of F2/F1. FIGS. 23 to 27 show the results of measuring 
with five test subjects. 
0158. It can be seen from the results in FIGS. 23 to 27 that 
since the rotational angle is a relatively small value, essen 
tially with a maximum of 0.5°, the centrifugal force F2 is 
quite low, being less than 1% of the rotational force F1, and 
can therefore be safely ignored. Similarly, experimental 
results with the first angular velocity sensor 4 and the second 
angular Velocity sensor 5 are the same as the experimental 
results with the third angular Velocity sensor 6. So centrifugal 
force may be ignored with no problem at all. 
0159. Because of the above, the rotational force F1 in FIG. 
22 can be considered to be the force that is applied to the 
acceleration sensor 7. Since the centrifugal force F2 can thus 
be ignored, if the acceleration sensor 7 is disposed along the 
optical axis A, the force acting on the acceleration sensor 7 
will be in the same direction as the displacement amount AZ1 
upon rotation by the angle 0Z (roll component) using the point 
Oc (Xc, Yc, Zc) as the rotational center. 
0160 Here, since gravitational acceleration is also acting 
on the acceleration sensor 7, gravitational acceleration must 
also be taken into account. In this case, the acceleration sensor 
7 is rotationally driven by the rotary drive unit 11 along with 
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the imaging element 17 with respect to the housing 2. Accord 
ingly, there is almost no change in the angle (orientation) of 
the acceleration sensor 7 with respect to gravitational accel 
eration. Therefore, if the output value of the acceleration 
sensor 7 (such as the total acceleration of the accelerations Ax 
and Ay) at the start of image blur correction, or from when the 
power is Switched on until the start of image blur correction, 
is stored in a RAM, for example, and this stored output value 
is subtracted from the output of the acceleration sensor 7 
during image blur correction, then the effect of the gravita 
tional acceleration component can be eliminated during 
image blur correction. This computation is performed by the 
microcomputer 20, for example. Gravitational acceleration 
can be considered to be the minimum value of the detected 
acceleration Ay of the acceleration sensor 7 in the Y axis 
direction. The shake amount AZ1 can be calculated by sub 
jecting the output of the acceleration sensor 7 to time integra 
tion twice. 
0161 Thus, with this camera 1, the shake amount AZ1 of 
the optical system upon rotation by the angle 0Z (roll compo 
nent) using the point Oc (Xc, Yc, Zc) as the rotational center 
can be found by a simple method, using the output of the 
acceleration sensor 7, without finding the position of the 
rotational center Oc (Xc, Yc, Zc) directly. 
0162 The value obtained by subtracting the gravitational 
acceleration component from the X axis direction component 
of this shake amount AZ1 (more precisely, the first sensitivity 
axis SX component of the shake amount AZ1), that is, from the 
detection result of the acceleration sensor 7, and then subject 
ing the result to time integration twice shall be termed AZ1x, 
and the value obtained by Subtracting the gravitational accel 
eration component from the Y axis direction component of 
the shake amount AZ1 (more precisely, the second sensitivity 
axis Sy component of the shake amount AZ1), that is, from the 
detection result of the acceleration sensor 7, and then subject 
ing the result to time integration twice shall be termed AZ1y. 
The shake amounts AZ1x and AZ1y can be corrected by driv 
ing the correcting lens 9 in the X and Y axis directions. 
0163 Translational Shake 
0164. Next, the correction of image blur caused by trans 
lational shake of the camera 1 will be described. Here, as 
described with the results of examining the effect of the 
translation component of the camera 1 on the image blur 
amount in FIGS. 13A to 15C, it can be seen that the shake 
amount AZ of the Z axis component may be ignored with no 
adverse effect. Therefore, translational shake of the camera 1 
may be considered to be the translational shake amounts AX 
and AY. 
0.165 (1) Translational Shake Amount AY 
0166 First, the correction operation when the camera 1 
moves by the translational shake amount AY will be 
described. As shown in FIG.16, when the translational shake 
amount AY occurs, the acceleration sensor 7 also moves by 
the same distance in the Y axis direction, so the translational 
shake amount AY can be found from the acceleration Ay in 
the Y axis direction (more precisely, the direction along the 
second sensitivity axis Sy) detected by the acceleration sensor 
7 
0167. The correction angle 0yh corresponding to this 
translational shake amount AY is expressed by the following 
equation. 

Mathematical Formula 31 
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0168 Just as with the above-mentioned correction angle 
0x1, the drive amount Adyh corresponding to the correction 
angle 0yh can be found on the basis of the graph in FIG. 18. 
The image blur caused by the translational shake amount AY 
can be corrected by moving the correcting lens 9 with the first 
drive unit 10 by the drive amount Adyh. 
0169 (2) Translational Shake Amount AX 
0170 Similarly, the correction operation will be described 
for when the translational shake amount AXoccurs. As shown 
in FIG. 20, when the translational shake amount AX occurs, 
the acceleration sensor 7 also moves by the same distance in 
the X axis direction, so the translational shake amount AX can 
be found from the acceleration AX in the X axis direction 
(more precisely, the direction along the first sensitivity axis 
Sx) detected by the acceleration sensor 7. 
0171 The correction angle 0xh corresponding to this 
translational shake amount AX is expressed by the following 
equation. 

Mathematical Formula 32 

0172. Just as with the above-mentioned correction angle 
Oyh, the drive amount Adxh corresponding to the correction 
angle 0xh can be found on the basis of the graph in FIG. 18. 
The image blur caused by the translational shake amount AX 
can be corrected by moving the correcting lens 9 with the 
second drive unit 12 by the drive amount Adxh. 
(0173 As discussed above, if the detection center C of the 
acceleration sensor 7 is disposed along the optical axis A, and 
the shake amount of the camera 1 is calculated using the 
detection center C as a reference, then the calculated shake 
amount will be nearly unaffected by offset of the detection 
center C and the rotational center Oc during the correction of 
the various components of rotation, namely, the rotational 
angles 0x (pitch component), Oy (yaw component), and 0Z 
(roll component). This means that more accurate image blur 
correction can be achieved with this camera 1. 

0.174 Also, image blur correction using the output of the 
acceleration sensor 7 is possible for translational shake of the 
camera 1. 

(0175 Total Shake Amount 
0176 The shake amounts calculated above are compiled 
below by component. 
(0177 (1) Total Shake Amount in Y Axis Direction 
0.178 FIG. 28 shows the total shake amount in the Y axis 
direction. In FIG. 28, the shake amount AX1 is the shake 
amount attributable to the fact that Yc and Zc of the rotational 
center Oc are not zero. The shake amount AX2 is the shake 
amount attributable to rotational shake around the X axis. The 
shake amount AZ1x is the shake amount attributable to the fact 
that Xc and Yc of the rotational center Oc are not zero. The 
shake amount AY is the Y axis direction component of trans 
lational shake of the camera 1. Here, the components that 
utilize the output of the acceleration sensor 7 are the shake 
amounts AX1, AZ1x, and AY. 
0179 The correction angle 0xt (an example of a first cor 
rection amount) corresponding to all the shake amounts that 
utilize the output of the acceleration sensor 7 is expressed by 
the following equation. 

Mathematical Formula 33 
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0180. The drive amount Adxt of the correcting lens 9 is 
calculated by the correction computer 21 from the relation in 
FIG. 18, on the basis of the optical Zoom ratio during imaging 
and the correction angle 0xt found from Formula 33. The 
image blur caused by the shake amounts AX1, AZ1x, and AY 
can be corrected by moving the correcting lens 9 with the first 
drive unit 10 by the drive amount Adxt. 
0181. As to the shake amount AX2, the drive amount Adx2 
of the correcting lens 9 is calculated by the correction com 
puter 21 from the relation in FIG. 18, on the basis of the 
optical Zoom ratio during imaging and the rotational angle 0X 
(an example of a second correction amount) calculated from 
the angular Velocity (OX detected by the first angular Velocity 
sensor 4. 
0182. The operation of the first drive unit 10 is controlled 
by the drive controller 22 so that the drive amount Adx, which 
is the sum of the drive amounts Adxt and AdX2, will be 
calculated by the correction computer 21, and the correcting 
lens 9 will move by the drive amount AdX. 
0183 The image blur caused by the shake amounts Ax1, 
AX2, AZ1x, and AY can be corrected by a simple method, 
using the detection results of the first angular Velocity sensor 
4 and the acceleration sensor 7. 
0184. A correction angle 0xt that also takes into accounta 
case in which the shake directions of the shake amounts AX1, 
AZ1x, and AY are different can be obtained by using the 
displacement amount calculated on the basis of the detection 
result of the acceleration sensor 7. 
0185 (2) Total Shake Amount in X Axis Direction 
0186 FIG. 29 shows the total shake amount in the X axis 
direction. In FIG. 29, the shake amount Ay1 is the shake 
amount attributable to the fact that Xc and Zc of the rotational 
center Oc are not zero. The shake amount Ay2 is the shake 
amount attributable to rotational shake around the Yaxis. The 
shake amount AZ1y is the shake amount attributable to the fact 
that Xc and Yc of the rotational center Oc are not zero. The 
shake amount AX is the X axis direction component of trans 
lational shake of the camera 1. Here, the components that 
utilize the output of the acceleration sensor 7 are the shake 
amounts Ay1, AZ1y, and AX. 
0187. The correction angle 0yt (an example of a first cor 
rection amount) corresponding to all the shake amounts that 
utilize the output of the acceleration sensor 7 is expressed by 
the following equation. 

Mathematical Formula 34 

0188 The drive amount Adyt of the correcting lens 9 is 
calculated by the correction computer 21 from the relation in 
FIG. 18, on the basis of the optical Zoom ratio during imaging 
and the correction angle 0yt found from Formula 34. The 
image blur caused by the shake amounts Ay1, AZ1y, and AX 
can be corrected by moving the correcting lens 9 with the 
second drive unit 12 by the drive amount Adyt. 
0189 As to the shake amount Ay2, the drive amount Ady2 
of the correcting lens 9 is calculated by the correction com 
puter 21 from the relation in FIG. 18, on the basis of the 
optical Zoom ratio during imaging and the rotational angle Oy 
(an example of a second correction amount) calculated from 
the angular Velocity (oy detected by the second angular veloc 
ity sensor 5. 
0190. The operation of the second drive unit 12 is con 
trolled by the drive controller 22 so that the drive amount My, 
which is the sum of the drive amounts Adyt and Ady2, will be 

Aug. 26, 2010 

calculated by the correction computer 21, and the correcting 
lens 9 will move by the drive amount My. 
0191 Thus, the image blur caused by the shake amounts 
Ay1, Ay2, AZ1y, and AX can be corrected by a simple method, 
using the detection results of the second angular Velocity 
sensor 5 and the acceleration sensor 7. 
0.192 A correction angle 0yt that also takes into accounta 
case in which the shake directions of the shake amounts Ay1. 
AZ1y, and AX are different can be obtained by using the 
displacement amount calculated on the basis of the detection 
result of the acceleration sensor 7. 
(0193 (3) Total Shake Amount in Roll Direction 
0194 Regarding the total amount of shake around the Z 
axis, the shake amounts AZ1x and AZ1y caused by offset of the 
detection center C and the rotational center Oc are corrected 
as shake in the X and Y axis directions, as discussed above. 
Accordingly, at this point only the rotational component AZ2 
of the shake amount need be corrected. Specifically, the 
amount of rotation of the rotary drive unit 11, that is, the angle 
0Z, is calculated by the correction computer 21 so as to cancel 
out shake on the basis of the rotational angle 0Z calculated 
from the angular velocity oZ detected by the third angular 
velocity sensor 6 around the Z axis. The operation of the 
rotary drive unit 11 is controlled by the drive controller 22 of 
the microcomputer 20 so that the rotary plate 18 will rotate by 
the calculated rotational angle 0Z. Accordingly, the imaging 
element 17 rotates by the angle 0Z according to shake of the 
angle 0Z, and image blur caused by the shake amount AZ2 can 
be corrected. 
(0195 Features of Camera 
0196. Features of the Camera 1 are Discussed Below. 
(0197) (1) 
0198 With the camera1, since the shake amounts AX2 and 
Ay2 are calculated by the correction computer 21 using the 
position of the acceleration sensor 7, and more precisely the 
rotational center Oc of the acceleration sensor 7, as a refer 
ence, error between the calculated shake amount and the 
actual shake amount can be greatly reduced by using the 
position of the acceleration sensor 7 as a reference. For 
example, as shown in FIGS. 18 and 19, error between the 
calculated shake amount and the actual shake amount can be 
reduced by the difference between the above-mentioned 
shake amounts AX2 and AX2', or the shake amounts Ay2 and 
Ay2. Consequently, more accurate drive amounts AdX and 
Ady of the correcting lens 9 can be calculated, and image blur 
correction performance can be enhanced. 
(0199 (2) 
0200. With the camera 1, since the distance L2 between 
the acceleration sensor 7 and the optical system O is taken 
into account in the calculation of the drive amount Ad by the 
correction computer 21, even if the shake amount of the 
camera 1 changes according to the position of the rotational 
center Oc, error can be suppressed between the calculated 
shake amount and the actual shake amount caused by the 
distance L2. 
0201 (3) 
0202 With the camera 1, since the acceleration sensor 7 
overlaps the optical axis A when viewed along the optical axis 
A, the acceleration sensor 7 is disposed near the optical axis 
A. More precisely, when viewed along the optical axis A, the 
detection center C of the acceleration sensor 7 substantially 
coincides with the optical axis A. Accordingly, error in the 
shake amounts AX1, AX2, Ay1, and Ay2 can be reduced, and 
more accurate drive amounts AdX and Ady can be calculated. 
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0203 The phrase “the detection center C substantially 
coincides with the optical axis Ahere encompasses a case in 
which the detection center C completely coincides with the 
optical axis A, as well as a case in which the detection center 
C is offset from the optical axis A to the extent that image blur 
correction performance is still improved. 
0204 (4) 
0205 With the camera 1, since the operation of the rotary 
drive unit 11 is controlled by the drive controller 22 according 
to the rotational angle 0Z around the Z axis acquired by the 
third angular Velocity sensor 6, the imaging element 17 can be 
rotationally driven according to the change in the orientation 
(angle) of the camera 1. This means that image blur attribut 
able to rotational shake of the camera 1 around the Z axis can 
be corrected. 
0206. Furthermore, since the acceleration sensor 7 can be 
rotationally driven along with the imaging element 17 by the 
rotary drive unit 11, the orientation of the acceleration sensor 
7 can be kept constant with respect to the vertical direction in 
which gravitational acceleration acts, for example. Conse 
quently, the effect (noise) of the gravitational acceleration 
component can be eliminated ahead of time from the dis 
placement amount acquired by the acceleration sensor 7, and 
the acceleration acquired by the acceleration sensor 7, and the 
displacement amount calculated from the acceleration, can be 
increased in precision. Specifically, image blur correction 
performance can be enhanced with this camera 1. 
0207 (5) 
0208. With the camera 1, the acceleration sensor 7 is dis 
posed close to the rotational axis Kof the rotary drive unit 11. 
More precisely, when viewed along the optical axis A, the 
detection center C of the acceleration sensor 7 substantially 
coincides with the rotational axis Kof the rotary drive unit 11. 
Accordingly, centrifugal force produced by rotational drive is 
less apt to act on the acceleration sensor 7. This further 
improves the precision of the displacement amount acquired 
by the acceleration sensor 7. 
0209 (6) 
0210. With the camera1, since the acceleration sensor 7 is 
disposed on the opposite side of the rotary plate 18 from the 
imaging element 17, it is possible to achieve a configuration 
in which the imaging element 17 and the acceleration sensor 
7 rotate integrally, without blocking light that is incident on 
the imaging element 17. 

Second Embodiment 

0211. In the above embodiment, the correcting lens 9 was 
driven by the first drive unit 10 and the second drive unit 12 on 
the basis of the drive amount Ad of the correcting lens 9. 
0212. However, for example, the rotational components 
Ax2 and Ay2 of rotational shake may be corrected by drive of 
the correcting lens 9, and the shake amounts AX1, Ay1, and 
AZ1 caused by remaining translation may be corrected by 
moving the imaging element 17 in a direction perpendicular 
to the optical axis A. Specifically, the optical image blur 
correction apparatus and the sensor shift type of image blur 
correction apparatus are controlled separately in this embodi 
ment. 

0213 Those components that are substantially the same as 
in the above embodiment will be numbered the same, and will 
not described again. 
0214. As shown in FIGS.30 and 31, this camera 201 has a 
sensor drive unit 240 (an example of an imaging element 
driver) that drives the imaging element 17 in two directions 
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perpendicular to the optical axis A with respect to the rotary 
plate 18 of the rotary drive unit 11. The sensor drive unit 240 
drives the imaging element 17 with respect to the optical axis 
A so as to change the light receiving position of the optical 
image of the subject 103. A drive controller 222 of a micro 
computer 220 can also control the operation of the sensor 
drive unit 240, in addition to that of the first drive unit 10 and 
the second drive unit 12. For example, the imaging element 17 
and the sensor drive unit 240 constitute a second corrector 
that uses an imaging element to perform image blur correc 
tion. 
0215. Here, for example, just as in the above embodiment, 
the shake amounts AX1, AZ1x, and AY are calculated by a 
correction computer 221 from the correction angle 0xt (an 
example of a first correction amount). The correction angle 
Oyt (an example of a first correction amount) is calculated by 
the correction computer 221 from the shake amounts Ay1. 
AZ1y, and AX. Just as in the graph shown in FIG. 18, data 
indicating the relation between the correction angle 0xt and 
the drive amount of the imaging element 17 is calculated 
ahead of time and stored in the ROM, for example. The drive 
amount AdX1 corresponding to the correction angle 0xt is 
found by the correction computer 221 on the basis of this data. 
Similarly, in the case of the correction angle 0yt, a drive 
amount Ady1 corresponding to the correction angle Oyt is 
found by the correction computer 221. The operation of the 
sensor drive unit 240 is controlled by the drive controller 222 
on the basis of the drive amounts Adx1 and Ady1 thus found, 
and the imaging element 17 moves in a direction perpendicu 
lar to the optical axis A. Consequently, image blur caused by 
the shake amounts AX1, AZ1x, AY, Ay1, AZ1y, and AX is 
corrected. 
0216. Meanwhile, for the shake amounts Ax2 and Ay2, 
just as in the above embodiment, the drive amounts AdX2 and 
Ady2 (examples of a second correction amount) correspond 
ing to the correction angles 0x and Oy are calculated by the 
correction computer 221. The operation of the first drive unit 
10 and the second drive unit 12 is controlled by the drive 
controller 222 on the basis of the drive amounts AdX2 and 
Ady2. Consequently, image blur caused by the shake amounts 
AX2 and Ay2, which are the rotational components of rota 
tional shake, can be corrected by adjustment of the optical 
path of the correcting lens 9. 
0217. As mentioned above, with this camera 201, the 
imaging element 17 is driven by the sensor drive unit 240 on 
the basis of the drive amounts Adx1 and Ady1, and the cor 
recting lens 9 is driven by the first drive unit 10 and the second 
drive unit 12 on the basis of the drive amounts Adx2 and Ady2. 
Therefore, the drive amounts of the drive units 240, 10, and 12 
can be kept lower than when just the correcting lens 9 or the 
imaging element 17 is driven. 
0218. In addition, since image blur correction is per 
formed by image processing, degradation of the image by 
image blur correction can be prevented. Consequently, the 
movable ranges of the correcting lens 9 and the imaging 
element 17 can be kept Small, and more accurate image blur 
correction can be performed. Specifically, with this camera 
201, good image blur correction performance can be main 
tained while the size of the camera is reduced. 
0219. Also, with this camera 201, it is possible to control 
the image blur correction mechanism by optical or sensor 
shift method, with which simultaneous control was difficult. 

Other Embodiments 

0220. The specific constitution of the present invention is 
not limited to or by the above embodiments, and various 
modifications and changes are possible without departing 
from the gist of the invention. 
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0221 (1) 
0222. In the above embodiments, the correcting lens 9 was 
driven in the XandYaxis directions, and the imaging element 
17 was rotationally driven, but how the correcting lens 9 and 
the imaging element 17 are driven is not limited to this. For 
example, a method may be employed in which there is no 
correcting lens 9, and the imaging element 17 is rotationally 
driven around the Z axis along with being driven in the X and 
Y axis directions. In this case, the relation between the drive 
amount Ad of the imaging element 17 and the correction angle 
A0 corresponding to this drive method may be found as in 
FIG. 17. 
0223 (2) 
0224 Instead of driving the correcting lens 9 in the X and 
Y axis directions, the lens barrel 3 may be rotationally driven 
with respect to the housing 2. 
0225 (3) 
0226 Optical image blur correction was described in the 
above embodiments, but image blur may be corrected elec 
trically by Subjecting an image signal acquired by the imag 
ing element 17 to special processing. In this case, for 
example, the locations where the image signals are read into 
and written from the memory are controlled by an image 
recording unit. 
0227 (4) 
0228. In the above embodiments, a method was employed 
in which the acceleration sensor 7 was rotationally driven by 
the rotary drive unit 11 along with the imaging element 17, but 
the acceleration sensor 7 may be fixed with respect to the 
housing 2 or the lens barrel 3. 
0229 Here again, the direction of the gravitational accel 
eration component may deviate somewhat from the Vertical 
direction, but since the maximum for the rotational angle 0Z 
around the Z axis is about 0.5°, the effect of gravitational 
acceleration on the acceleration detected by the acceleration 
sensor 7 can be reduced, and image blur correction perfor 
mance can be better than in the past. 
0230. In this case, it is preferable if the detection center C 
of the acceleration sensor 7 coincides with the optical axis A 
when viewed along the optical axis A. 
0231. An advantage to this situation is that the first and 
second sensitivity axes SX and Sy of the acceleration sensor 7 
to not move relative to the X and Y axes provided to the 
housing 2. Consequently, the direction of acceleration 
detected by the acceleration sensor 7 coincides with the Xand 
Y axes, and the drive amount is calculated more precisely by 
the correction computer 21. 
0232 (5) 
0233. It is also conceivable that a bending optical system 
such as a prism will be included in the optical system O. If so, 
the incident light axis from the subject to the prism corre 
sponds to the above-mentioned optical axis A. Therefore, the 
acceleration sensor 7 is provided using the incident light axis 
as a reference. 
0234 (6) 
0235. In the above embodiments, the center of the imaging 
element 17, the rotational axis K of the rotary drive unit 11, 
and the detection center C of the acceleration sensor 7 sub 
stantially coincided with the optical axis A, but these may be 
offset from each other to the extent that the image blur cor 
rection effect is improved. 
0236. In particular, if the acceleration sensor 7 is disposed 
on the rotary plate 18 of the rotary drive unit 11, since the 
rotary plate 18 rotates according to the movement of the 
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housing 2 as discussed above, acceleration of Substantially 
the same size and direction as the acceleration detected on the 
optical axis A can be detected. Accordingly, the acceleration 
sensor 7 may be provided to the rotary drive unit 11, and there 
is no need for the detection center C to be disposed on the 
optical axis A. 
0237 Also, since the acceleration sensor 7 and the imag 
ing element 17 are both provided on the rotary plate 18, there 
is no change in the relative positions of the acceleration sen 
sor 7 and the imaging element 17. For example, when the 
imaging element 17 is driven by the rotary drive unit 11 
according to the rotation of the camera 1 around the optical 
axis A, the acceleration sensor 7 is also accordingly driven 
rotationally with respect to the housing 2. Therefore, the 
orientation of the imaging element 17 and the acceleration 
sensor 7 with respect to the vertical direction (or the horizon 
tal direction) of the earth is kept constant. This means that the 
amount of displacement calculated from the accelerations AX 
and Ay detected by the acceleration sensor 7 will have sub 
stantially the same value as the displacement amount at the 
rotational axis K of the rotary drive unit 11. Consequently, 
even if the rotational center Oc is offset from the detection 
center C of the acceleration sensor 7, the displacement 
amount calculated from the acceleration detected by the 
acceleration sensor 7 will tend to be unaffected by the offset 
of the rotational center Oc. 

0238 (7) 
0239. In the above embodiments, the above-mentioned 
correction method was employed on all image blur in the 
pitch, yaw, and roll directions, but the image blur correction 
performance of the camera 1 will be improved if the above 
mentioned method is used to correct just one component out 
of the pitch, yaw, and roll directions. For example, when the 
above-mentioned correction method is applied to just the 
pitch direction, and a conventional correction method is 
applied to image blur in the yaw and roll directions, the image 
blur correction performance of the camera 1 will still be 
improved. 
0240. In the above embodiments, the rotary drive unit 11 
was used to correct image blur in the roll direction, but the 
rotary drive unit 11 need not be installed. In this case, the 
image blur correction performance of the camera can be 
improved as long as the above-mentioned correction method 
is applied to either the pitch or the yaw direction. 
0241 (8) 
0242. In the above embodiments, the output value of the 
acceleration sensor 7 at the start of image blur correction, or 
from when the power is switched on until the start of image 
blur correction, was used as the gravitational acceleration, but 
this is not the only way to determine the gravitational accel 
eration. For example, the detected acceleration when the 
angular velocities detected by the first to third angular veloc 
ity sensors 4 to 6 have dropped below a specific value may be 
used as the gravitational acceleration. In this case, since the 
detected acceleration in a state in which there is virtually no 
movement of the camera 1 is used as the gravitational accel 
eration, the gravitational acceleration components tends not 
to include any extra components such as centrifugal force, 
and this improves the precision of the gravitational accelera 
tion component. Consequently, the gravitational acceleration 
component can be removed from the acceleration detected by 
the acceleration sensor 7 during image blur correction, and 
this improves the precision of the displacement amount. 
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0243 Furthermore, whether or not the camera 1 is in a 
horizontal state (such as a state in which the Y axis is parallel 
to the vertical direction) can be decided on the basis of the 
image signal acquired by the imaging element 17. It can be 
considered the acceleration that is detected when the camera 
1 is in the horizontal state as the gravitational acceleration, 
which increases precision of the gravitational acceleration 
component. In this case, precision of the gravitational accel 
eration component can be increased even though the accel 
eration sensor 7 is not rotated with respect to the housing 2 by 
the rotary drive unit 11. 
0244 (9) 
0245. In the above embodiments, the use of an optical 
image blur correction apparatus was described, but a sensor 
shift or electronic type of image blur correction apparatus 
may be used instead. Sensor shift is a method in which image 
blur correction is performed by moving the imaging element 
17 with respect to the optical axis A. An electronic method 
involves performing image blur correction by Subjecting an 
image signal obtained by the imaging element 17 to specific 
image blur correction processing. With an electronic method, 
there is the risk of image deterioration by the image blur 
correction processing, but if the image blur correction perfor 
mance is boosted along with an increase in the precision of the 
shake amount or correction angle to a greater extent than the 
image deteriorates, then the overall image blur correction 
performance of the camera can be considered to have 
improved. 
0246 Similarly, in the second embodiment above, an 
example of combining optical and sensor shift image blur 
correction apparatuses was described, but one of the image 
blur correction apparatuses may instead be electronic. For 
example, an improvement in image blur correction perfor 
mance can be anticipated when optical and electronic image 
blur correction apparatuses are combined. Similarly, an 
improvement in image blur correction performance can be 
anticipated when sensor shift and electronic image blur cor 
rection apparatuses are combined. 
0247 (10) 
0248. In the above embodiments, an example of an inte 
grated camera was described, but the present invention can 
also be applied to a single lens reflex camera composed of an 
interchangeable lens and a camera body. 
0249 For example, as shown in FIG. 32, a single lens 
reflex camera 301 has a camera body 302 and an interchange 
able lens 303 that can be mounted to the camera body 302. An 
imaging element 17, a range finder 8, first to third angular 
Velocity sensors 4 to 6, an acceleration sensor 7, and a micro 
computer 20 are installed in the camera body 302. An optical 
system O, a correcting lens 9, a first drive unit 10, a second 
drive unit 12, and a Zoom drive unit 13 are installed in the 
interchangeable lens 303. 
0250. The same effect can be obtained with this single lens 
reflex camera 301 as with the above-mentioned camera 1. 
0251. The single lens reflex camera 301 shown in FIG.32 

is just an example, and its constituent elements such as the 
first to third angular velocity sensors 4 to 6, the acceleration 
sensor 7 and the microcomputer 20 may be provided to either 
the camera body 302 or the interchangeable lens 303. 
0252 Also, Examples of imaging devices such as the cam 
era 1 and the single lens reflex camera 301 include those 
capable of only still picture imaging, those capable of only 
moving picture imaging, and those capable of both still pic 
ture and moving picture imaging. 
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1. A camera, comprising: 
an imaging optical system configured to form an optical 

image of a subject; 
a housing: 
an image blur corrector configured to correct image blur 

caused by movement of the housing: 
a displacement acquisition section configured to acquire 

the amount of displacement of the housing: 
a rotary driver configured to rotationally drive the displace 

ment acquisition section with respect to the housing: 
a correction computer configured to calculate a first cor 

rection amount at the image blur corrector from the 
displacement amount acquired by the displacement 
acquisition section; and 

a drive controller configured to control the operation of the 
rotary driver, and configured to control the operation of 
the image blur corrector on the basis of the first correc 
tion amount. 

2. The camera according to claim 1, wherein 
the displacement acquisition section overlaps the rota 

tional axis of the rotary driver when viewed along the 
optical axis of the imaging optical system. 

3. The camera according to claim 2, wherein 
the detection center of the displacement acquisition section 

substantially coincides with the rotational axis of the 
rotary driver when viewed along the optical axis. 

4. The camera according to claim 3, further comprising: 
an imaging element configured to convert an optical image 

of a subject into an image signal, wherein 
the rotary driver has a rotor to which the imaging element 

and the displacement acquisition section are integrally 
rotatably provided, and a rotation actuator configured to 
drive the rotor with respect to the housing, 

the imaging element is disposed on the imaging optical 
system side of the rotor, and 

the displacement acquisition section is disposed on the 
opposite side of the rotor from the imaging element. 

5. The camera according to claim 3, further comprising: 
an angle acquisition section configured to acquire the rota 

tional angle of the housing, wherein 
the correction computer is configured to calculate a second 

correction amount at the image blur corrector from the 
rotational angle acquired by the angle acquisition sec 
tion, using the position of the displacement acquisition 
section as a reference, and 

the drive controller is configured to control the operation of 
the image blur corrector on the basis of the first and 
second correction amounts. 

6. The camera according to claim 3, further comprising: 
an imaging element for converting an optical image of a 

Subject into an image signal; and 
an angle acquisition section configured to acquire the rota 

tional angle of the housing, wherein 
the image blur corrector has an optical system driver con 

figured to drive the correcting optical system so that the 
optical path of the imaging optical system is changed, 
and an imaging element driver configure to drive the 
imaging element with respect to the housing so that the 
light receiving position of the optical image of the Sub 
ject is changed, 
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the correction computer is configured to calculate a second 
correction amount at the image blur corrector from the 
rotational angle acquired by the angle acquisition sec 
tion, and 

the drive controller is configured to control the operation of 
the optical system driver on the basis of the first correc 
tion amount, and is configured to control the operation of 
the imaging element driver on the basis of the second 
correction amount. 

7. The camera according to claim 3, further comprising: 
an imaging element configured to be driven by the rotary 

driver along with the displacement acquisition section, 
and configured to convert an optical image of the Subject 
into an image signal; and 

an angle acquisition section configured to acquire the rota 
tional angle of the housing, wherein 

the drive controller is configured to control the operation of 
the rotary driver so that the imaging element is rotation 
ally driven with respect to the housing on the basis of the 
rotational angle acquired by the angle acquisition sec 
tion. 
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8. The camera according to claim 1, further comprising: 
an angle acquisition section configured to acquire the rota 

tional angle of the housing, wherein 
the drive controller is configured to control the operation of 

the rotary driver so that the displacement acquisition 
section is rotationally driven with respect to the housing 
on the basis of the rotational angle acquired by the angle 
acquisition section. 

9. The camera according to claim 8, further comprising: 
an imaging element configured to be driven by the rotary 

driver along with the displacement acquisition section, 
and configured to convert an optical image of the Subject 
into an image signal. 

10. The camera according to claim 9, wherein 
the rotary driver has a rotor to which the imaging element 

and the displacement acquisition section are integrally 
rotatably provided, and a rotation actuator configured to 
drive the rotor with respect to the housing, 

the imaging element is disposed on the imaging optical 
system side of the rotor, and 

the displacement acquisition section is disposed on the 
opposite side of the rotor from that of the imaging 
element. 


